Abstract Transcranial magnetic stimulation (TMS) is increasingly used to perturb targeted human brain sites noninvasively, to test for causal eVects on performance of cognitive tasks. TMS might also be used in non-human primates to complement invasive work and compare with human studies. Here, we targeted the frontal eye Welds (FEF) in two macaques with a continuous theta-burst (cTBS) protocol, testing the impact on visually guided saccades. After unilateral cTBS over the FEF in either hemisphere, a small (mean 7 ms) but highly consistent decrease in saccadic reaction times (RTs) was observed. Lower latencies arose for saccades both contra-and ipsilateral to the stimulated FEF after cTBS. These results provide the Wrst demonstration that TMS can be used to aVect saccadic behavior in non-human primates. The unexpectedly bilateral impact on RTs may reXect an impact on 'Wxation' neurons in the FEF and/or transcallosal modulation of both FEFs induced by unilateral cTBS. In either case, this study demonstrates a clear behavioral eVect induced by TMS in awake behaving monkeys performing a cognitive task. This opens new opportunities for investigating the causal roles of targeted brain areas in behavior, for measuring physiological consequences of TMS in the primate brain, and ultimately for human-monkey comparisons.
Introduction
Transcranial magnetic stimulation (TMS) provides a noninvasive method for perturbing brain function at targeted sites, via a local magnetic Weld that can induce current in tissue underlying a coil (Barker et al. 1985; Kobayashi and Pascual-Leone 2003) . TMS has been used in a wide range of human studies, with a variety of diVerent protocols (e.g. Chen et al. 1997; Di Lazzaro et al. 2005; Gilio et al. 2003; Huang et al. 2005; Muellbacher et al. 2000; Plewnia et al. 2003 ; for review see Fitzgerald et al. 2006) , including studies of the impact of TMS to diVerent brain sites upon saccadic behavior in particular (e.g. Cazzoli et al. 2009; Muri et al. 2000; NyVeler et al. 2006a, b; Ro et al. 2002; van Donkelaar et al. 2009 ; for review, see Muri and NyVeler 2008) .
The exact physiological mechanisms of TMS are not fully understood, but some animal studies show that TMS pulses can depolarize neural populations to induce spiking activity and change subsequent spontaneous or induced activity (Allen et al. 2007; Moliadze et al. 2003; Pasley et al. 2009; Valero-Cabre et al. 2005) . Depending on the protocol, TMS may locally increase or decrease neural excitability. Huang et al. (2005) found that one particular TMS protocol applying continuous theta-burst stimulation (cTBS) over motor cortex leads to reduced local excitability for 20 min or more (see also Di Lazzaro et al. 2005; NyVeler et al. 2006a NyVeler et al. , 2009 .
Such human work demonstrates the feasibility of using TMS to reversibly manipulate excitability in a targeted brain region, while measuring the causal impact on performance in a cognitive task. This approach could be extended to non-human primates, to provide a non-invasive perturbation method that would complement more invasive approaches. Some pioneering studies did use TMS in monkeys, but all focused on the impact of TMS over primary motor cortex (M1) on induced muscle twitches for a relaxed or gripping hand (Amaya et al. 2010; Baker et al. 1995; Maier et al. 1997) . Amaya et al. (2010) were the Wrst to employ this approach in awake trained monkeys, demonstrating that TMS can be used in non-human primates for the study of motor neuroplasticity. However, TMS has not yet been used in awake behaving monkeys to study the causal impact on behavioral performance during a task, despite the importance of developing comparable methods in non-human primates and humans. Here, we aimed at establishing a new proof-of-principle for the TMS approach in non-human primates, by using TMS over the FEF to investigate any impact on saccadic behavior (see Gaymard et al. 1998a; Tehovnik et al. 2000 for reviews of other studies on how various FEF manipulations may disrupt or enhance saccades).
Previous work on primate FEF demonstrates a key role for this region in saccadic and Wxation behavior (e.g. Bruce et al. 1985; Izawa et al. 2004; Segraves and Goldberg 1987; Sommer and Wurtz 2000) . Unilateral reversible pharmacological inactivation of monkey FEF led to slowing of saccades (Dias and Segraves 1999) . Unilateral FEF lesions in patients, however, can produce apparently paradoxical decreases in latencies for visually driven saccades to the contralateral hemiWeld (Henik et al. 1994) , attributed to possible dis-inhibition of the ipsilesional colliculus superior. Here, we examined the impact of the so-called virtual lesion (reduced excitability) that should be induced by cTBS over macaque FEF upon visually driven saccadic behavior. To our knowledge, this is the Wrst study to use cTBS in monkeys performing a cognitive task.
Materials and methods

Subjects and experimental setup
We tested the eVects of FEF cTBS in two male rhesus monkeys (M18 and M20; 4.7 and 5.3 kg). Animal care and experimental procedures met the national and European guidelines as approved by the ethical committee of the K.U. Leuven medical school. Each monkey was implanted with an MR-compatible plastic headset attached to the skull by ceramic screws; the headset was covered with dental cement (see VanduVel et al. 2001 for details of this setup). This cement was approximately 15 mm in thickness (at its center), but please note that in both monkeys the headset and cement location did not overlap with the TMS sites used. Prior to the TMS experiments, we performed three magnetization-prepared rapid-acquisition gradient echo (MPRAGE) sequences (256 sagittal slices, 256 £ 256 in-plane matrix, repetition time (TR) = 2.2 s, echo time (TE) = 2.07 ms, 0.5 mm isotropic voxels, Xip angle = 9°) and averaged across these three acquisitions to obtain a detailed high-resolution anatomical MRI of each animal.
Experimental setup and saccade paradigm
During all testing, the liquid-deprived monkeys sat in a sphinx position in a monkey chair with their head restrained (see VanduVel et al. 2001 for description). All stimuli were presented on a CRT monitor (60 Hz refresh rate; 1024 by 768 resolution) placed 57 cm from the monkey's eyes. Eye positions were continuously recorded using a cornealreXection system at 120 Hz (RK-726PCI, Iscan, Cambridge, MA).
Each trial started with a central red Wxation dot (0.2 £ 0.2°), which disappeared after 500-1,100 ms (randomly determined on each trial). On half of the trials ('unilateral'), a single green target (0.2 £ 0.2º) appeared immediately at 12º to either the left or right along the horizontal axis. On the other half of trials ('bilateral'), a green target appeared at both these positions, with varied timing. The Wrst target always appeared simultaneously with Wxation oVset, randomly on the left or right. The second target was presented on the other side, with a time delay of 0, 80, or 120 ms. These bilateral trials were included to examine any impact of cTBS on side preference for trials permitting a saccadic choice (but note that no such impact was found, we found only an impact on saccade latencies that was comparable for unilateral and bilateral trials). Monkeys received juice reward if they saccaded to a 2.7 £ 2.7° 123 window surrounding a target within 150 ms. For bilateral trials, rewards were given for saccades to either target, using the same criteria as for unilateral trials.
TMS protocol
Individual anatomical scans were used for each monkey to determine bilaterally the FEF (in the anterior bank of the arcuate sulcus) and the hand representation in area M1. IdentiWcation of these structures was based on (1) their anatomical location (see sagittal slices of structural MRI in Fig. 1 ) in comparison with the known anatomy and (2) functional MRI data acquired in other monkeys during unrelated experiments that activated FEF (saccade localizers as in Wardak et al. 2010) or M1 (manual motor tasks as in Nelissen and VanduVel 2011) . The scalp positions overlying the left and right FEF and M1 were determined by means of Brainsight frameless stereotaxy (Rogue Research, Montreal, Canada) , and all the navigations of the coil were always performed with respect to the center of the coil. cTBS was applied over each of these scalp positions (see Fig. 1 ; see also the brain images in the subsequent results Figs. 2 and 4) using a MAGSTIM Rapid 2 stimulator and custom-built Wgure-of-eight TMS coils (1165-00 coil D25mm, Magstim company, Whitland, UK). These coils have an internal diameter of 14 mm and an external diameter of 43 § 2 mm, with each coil consisting of 15 turns of 5 £ 0.8 mm copper strip. The peak magnetic Weld of these coils when used with a Rapid 2 system is 1.68 Tesla. The coil was manually secured in position for each 40 s of cTBS application, with correct location of the center of the coil conWrmed online via Brainsight while viewing the structural MR image (and the center of the TMS coil location) in native space.
Single TMS pulses delivered over the hand representation of area M1 resulted in clearly visible twitches of just the Wrst dorsal interosseus (FDI) of the contralateral hand (for examples, see supplementary video S1). This speciWcity for visible twitches of a single muscle indicates the spatial selectivity of the small TMS coil used. These twitches were also used to determine the TMS "motor threshold", deWned as the lowest TMS intensity that evoked visible twitches in the relaxed FDI on 50% of the stimulation trials. The thresholds ranged between 65 and 78% maximum output of the Rapid 2 stimulator. These thresholds appear considerably higher than those found in another recent study (Amaya et al. 2010) , which is most likely due to the use of diVerent stimulators (Magstim Rapid 2 vs. M200/M2002). The Rapid 2 maximum output is 60% of that of a M200/M2002 stimulator, which would explain the diVerence in threshold outputs.
Other possible explanations for the high-threshold outputs are diVerences in the thickness of the skull cap (dental cement) and hence, the larger distance between the TMS coil and the cortex and/or the diVerent procedures to measure motor thresholds (visual versus MEPs).
For the saccade experiment, we used a 'continuous theta-burst stimulation' (cTBS) TMS protocol. This protocol is routinely used in human TMS studies to reduce cortical excitability at the targeted site, for time periods lasting for 20 min or more . Here, we applied cTBS over macaque FEF to measure any behavioral eVect on saccades. The position of the FEF site and the angle of the TMS coil were monitored during stimulation via Brainsight neuronavigation. The coil was held perpendicular to the cortical surface, with its handle pointing ventrally. cTBS was applied over FEF at 80% of the motor threshold, in a train of 600 pulses (200 bursts, each burst consisting of three single pulses at 45 Hz repeated at intervals of 200 ms, cf. Huang et al. 2005) . Two cTBS trains were performed consecutively before each behavioral testing block, with an intervening stimulus-free interval of 30 s. We did not observe any (TMS-induced) eye movements during TBS. However, we did not conduct any eye tracking during TBS because this procedure was performed outside the testing room without any eye tracker system in place. To produce a neurally ineVective 'sham' condition, the coil was placed at the same position as during real cTBS, but tilted 90° from the surface of the head so that the magnetic Weld would no longer penetrate the brain (cf. Kobayashi and PascualLeone 2003) . To further control for any non-speciWc eVect of cTBS administration on saccadic behavior, and to check the anatomical speciWcity of the small TMS coil used, in a subsequent control experiment we applied cTBS to M1 over the hand representation (control M1 site), instead of over FEF, in the left hemisphere (see Fig. 1 ), just 10-11 mm away from the left FEF TMS site (coil center on FEF compared with coil center on M1 site). Stimulation intensities for cTBS over M1 were again 80% of motor threshold, exactly as for the FEF cTBS, which did not induce any muscle twitches during M1 TBS.
Each test session started with a 'pre'-block of the saccadic task without prior application of any stimulation, followed by alternations of sham stimulation or real cTBS. Each stimulation episode (cTBS or sham) was followed by 400 trials of the saccade task, lasting 14.9 min on average (range 13.6-17.2 min), during which any eVect of stimulation on saccadic behavior was measured. Both monkeys tolerated cTBS without signs of distress or arousal, and without decreased performance levels in accuracy between sham and real cTBS (F (1,45) < 0.48, P > 0.49, n.s., for M18; and F (1,61) < 1.11, P > 0.29, n.s., for M20). In total, we performed 11 and 13 cTBS sessions over the right FEF, plus 12 and 12 sham stimulation sessions for M18 and M20, respectively. Subsequently, we performed 12 cTBS and 12 sham stimulations over the left FEF of each monkey. For M18, the cTBS and sham sessions were spread over 3 days with 4 sessions per day for both left and right FEF. For M20, the cTBS and sham sessions were spread over 3 days for the left FEF and 4 days for the right FEF. For the control experiments over M1, we performed in total 14 or 12 cTBS and 14 or 12 sham sessions for M18 or M20, respectively. M1-cTBS and sham sessions were spread over 3 days with 2-8 sessions per day for M18 and 2-5 sessions for M20.
Data analysis
All data were analyzed with the statistics toolbox implemented in MATLAB (MathWorks, Nantick, MA, USA). Our primary measure of interest was saccadic reaction time (RT), computed for each trial as the time between target onset and horizontal eye position deviating more than 5 times its standard deviation from the average Wxation position during 500 ms prior to target onset. Please note that cTBS had no consistent eVect on Wxation accuracy or standard deviation of eye position during the period 500 ms prior to target onset and thus, could not aVect our saccade-onset criterion diVerentially between conditions. Moreover, the statistical results were identical when saccadic reaction time was instead determined using a velocity criterion (eye velocity exceeding 20° per second). We also derived measures to characterize other saccade properties (saccade duration, velocity, precision, and response bias [proportions of lateral choices for bilateral trials]), but these did not result in any cTBS eVects and are thus not reported further.
Mean saccadic RTs were computed for each condition within each testing block (400 trials, lasting 13.6-17.2 min) acquired immediately following the cTBS or sham intervention. To reveal eVects within each of the cTBS experiments (left FEF, right FEF, left M1), these mean saccadic RTs were analyzed for each monkey across testing blocks, via repeated-measures ANOVAs with the factors cTBS (sham/real), trial type (unilateral/bilateral), saccade direction (left/right), and session. In order to compare the eVects of cTBS across the two FEF cTBS experiments, we performed an omnibus ANOVA across sessions, now with factors of stimulation side (left/right FEF), monkey (M18/ M20), stimulation condition (real/sham cTBS), and saccade direction (left/right).
Results
cTBS over right and left FEF
As expected, both monkeys initiated saccades with higher latencies on bilateral trials (where they chose between targets on either side) than for unilateral trials (mean diVerence of 15 ms; both F (1,72) > 81.24, both P < 10 ¡12 ). More importantly, for both monkeys, saccade latency was signiWcantly lower after right FEF cTBS (Fig. 2) , an eVect that averaged around 7 ms but was highly consistent and replicable (both F (1,72) > 17.54. both P < 10
¡4
). This eVect was observed to a similar degree for all trial types and for both saccade directions (no signiWcant interactions of cTBS with these factors; all F (1,72) < 1.78, all P > 0.18). This reveals that right FEF cTBS led to lowering of saccade latencies, both contralaterally and ipsilaterally (this Wnding that both saccade directions were aVected is, perhaps, surprising; see discussion for possible explanations), on both unilateral and bilateral trials (see Fig. 2 , panels a-f).
Analysis of saccadic RTs following left FEF cTBS versus the corresponding sham sessions revealed an equivalent pattern as for the right FEF cTBS data (Fig. 2, panels g-l) , further conWrming the replicability of this pattern. Again, both monkeys showed shorter reaction times (by a mean 14 ms) for unilateral than bilateral targets (both F (1, 64) > 41.5, both P < 10 ¡7 ). More importantly, we again observed highly consistent lowering of saccadic latency (mean of 7 ms) after real than sham cTBS for saccades to either hemiWeld (main eVect of cTBS for each monkey; all F (1,64) > 17.3, all P < 10 ¡4 ). We again found no signiWcant interactions of cTBS with trial type or saccade direction (all F (1,64) < 0.48, all P > 0.49).
To allow a visual examination of whether this lowering of saccadic latencies due to FEF cTBS might reXect an impact on just the very fastest responses (putative 'express' saccades), we plotted binned RT distributions following cTBS and control stimulation, as well as the diVerence (in the percentage of trials falling in a particular bin) between real and sham RT distributions for each bin (see Fig. 3 , blue bars). This conWrmed that cTBS did not aVect just the fastest bins (and hence did not produce more express saccades), but rather led to a general leftward shift of the RT distribution.
Analyses of saccade duration, velocity, precision, and response bias (lateral choice) on bilateral trials revealed no consistent patterns. Thus, the only impact of FEF cTBS was upon saccadic latency in particular.
Similarity of saccadic latency results for right and left FEF cTBS
The above analyses revealed very similar (bilateral) eVects of cTBS over the right or left FEF for saccadic latency. To test this more directly, we performed an omnibus ANOVA across sessions, now with factors of stimulation side (left/ ); but critically, the interaction of real/sham with hemisphere of stimulation did not approach signiWcance (F (1,416) < 0.01, P > 0.94, n.s.), nor did the three-way interactions of those factors with monkey (F (1,416) < 0.21, P > 0.64, n.s.) or saccade direction (F (1,416) < 0.01, P > 0.91, n.s.). This conWrms statistically that cTBS over right FEF and left FEF had equivalent eVects on saccade latencies in both monkeys, for saccades in either direction. But as we show next, cTBS over a diVerent brain site led to a very diVerent outcome. To assess whether the impact on saccadic latency was speciWc to the FEF site, we implemented the same protocol, but now with real or sham cTBS over left M1 instead (at the hand-representation site that was also used to measure motor thresholds; see Figs. 1 and 4a, d ). Please note that this M1 site was just 10 or 11 mm away from the FEF site in the same hemisphere (for M20 and M18, respectively). For both monkeys, saccadic reaction times were completely unaVected by left-M1 cTBS; see Fig. 4 . Both monkeys again showed higher saccadic latencies on bilateral than unilateral trials (F (1,96) > 9, P < 0.003 for M18 and F (1,72) > 31, P < 10 ¡6 for M20), but there was no longer any impact from the real/sham cTBS manipulation when targeting the M1 site instead of FEF (F (1,96) > 0.2, P > 0.62, n.s. for M18; F (1,72) > 2.2, P > 0.14, n.s for M20). This control condition conWrms that, when using the current small TMS coil, the behavioral eVects of cTBS in monkeys can be speciWc to the brain site stimulated, to within 10-11 mm of separation as used here.
Discussion
With the present study, we provided the proof-of-principle that a continuous theta-burst TMS protocol can be applied in awake behaving non-human primates to study changes of behavior in cognitive tasks. The used cTBS protocol, thought to decrease local neural excitability , was administered at a neuronavigated site over right or left FEF in two awake behaving macaques performing a saccade task. To our knowledge, this is the Wrst ever application of TMS in awake behaving non-human primates performing a saccade task for reward, despite many previous human studies of TMS in saccadic tasks. Our main Wnding was that latencies for visually driven saccades were signiWcantly and consistently lower for both hemiWelds following cTBS over either FEF, as compared with sham stimulation. Although this latency eVect averaged only 7 ms, it was highly signiWcant (P values ranging from 10 ¡4 to 10 ¡6 ), highly replicable, and constitutes a 3-5% change to the mean saccade latency (230 ms for M18 and 150 ms for M20). cTBS over M1, just 10-11 mm away, produced no such eVect, conWrming the speciWcity of our FEF Wnding. Moreover, the systematic diVerence in FEF versus M1 cTBS eVects demonstrates that our eye tracking system had enough sensitivity to detect signiWcant diVerences, even for small eVect sizes as found here.
Macaque FEF is well known to play a central role in Wxation behavior and preparation plus execution of saccades (Bruce et al. 1985; Gaymard et al. 1998b ). Its output also inXuences saccade-and Wxation-related activity in the superior colliculus. Our present cTBS results provide a new type of causal evidence for the role of monkey FEF in saccadic behavior and thereby a proof-of-principle for the feasibility of using cTBS in behaving monkeys. But two aspects of our results may initially appear surprising. First, the impact of cTBS here was to lower rather than increase saccade latency. Second, the behavioral eVects of unilaterally delivered cTBS were bilateral. We discuss possible explanations for this highly consistent pattern below, in relation to previous monkey and human Wndings. Reversible inactivation of FEF in monkeys, using the GABA agonist muscimol, aVects performance for both visually and memory-guided saccades (Dias and Segraves 1999) . But saccades were delayed rather than speeded in this work (see also Sommer and Tehovnik 1997) . In this respect, we note that the FEF includes both saccade-and Wxation-related neural subpopulations, which have diVerent electrical stimulation thresholds and are topographically somewhat segregated (Bizzi 1968; Bruce et al. 1985; Izawa et al. 2004 Izawa et al. , 2009 ). In the muscimol FEF studies, the investigators Wrst searched electrophysiologically for neurons that drove saccades, then targeted that speciWc population pharmacologically (Sommer and Tehovnik 1997; Dias and Segraves 1999) , hence would be aVecting saccaderelated subpopulations in particular, rather than Wxation neurons. By contrast, when using neuronavigated cTBS over the caudo-lateral portion of FEF here (see Figs. 1, 2) , we may have exerted more inXuence on Wxation-related neural subpopulations than those driving saccades into the visual periphery. Indeed, the latter saccade-related population tends to be located more rostro-medial in macaques (Bruce et al. 1985) . Moreover, electrical stimulation thresholds for saccade-suppression sites are lower than that for saccade-evoking sites (Izawa et al. 2004) . If due to these reasons, cTBS mainly aVected Wxation neurons within the FEF here, then, since cTBS is known to reduce neural excitability , the activity of Wxation-related FEF subpopulations may be reduced, leading saccades to either hemiWeld being triggered more rapidly by a visual stimulus, exactly as we found. This interpretation would also Wt with our Wndings that duration, velocity, precision, and response bias were not systematically aVected by cTBS.
Several previous studies in humans studied the impact of lesions (rather than a "virtual lesion" induced by cTBS as here), aVecting the FEF in patients (e.g. Guitton et al. 1985; Muri and NyVeler 2008; Pierrot-Deseilligny et al. 1987) or of various TMS protocols applied over human FEF in healthy volunteers (e.g. NyVeler et al. 2006a, b; Prime et al. 2010; Ro et al. 2002; Terao et al. 1998; van Donkelaar et al. 2009; Van Ettinger-Veenstra et al. 2009 ; see Muri and NyVeler 2008 for review) . Some of the human FEF lesion studies did Wnd pathological speeding of saccadic RTsthus resembling the pattern found here-either for contralesional targets (Henik et al. 1994) or for both contra-and ipsilesional targets (Pierrot-Deseilligny et al. 1987) . This was tentatively attributed to possible 'dis-inhibition' of collicular saccade reXexes (see also Terao et al. 1998 , for related human TMS evidence), consistent with separate evidence that frontal structures including the FEF are important for suppressing undesirable reXex-like oculomotor activity (Guitton et al. 1985) . Such collicular dis-inhibition might potentially arise in our present FEF cTBS situation also, if FEF Wxation neurons are suppressed as we suggested and/or if cTBS over one FEF tends to suppress both FEF via transcallosal connections.
Recently, a study by Gamboa et al. (2010) showed that prolonged application of cTBS (1200 pulses during 80 s) results in facilitation rather than inactivation of the excitability of the targeted neurons. If this had also happened during our study, the decrease in saccadic reaction time may have been caused by stimulation rather than inactivation of the targeted FEF neurons. However, arguing against this possibility, repeated application of TBS (albeit with a longer interval between the two trains) over the human FEF (NyVeler et al. 2006c) or parietal cortex ) does not result in an inversion of behavioral eVects on eye movements or visuospatial exploration, but rather a prolongation of the same inhibitory eVects.
Future research on use of TMS in non-human primates, as initiated here, should ideally combine this with concurrent physiological measures of the neural impact (such as in Allen et al. 2007 and RuV et al. 2006 ) both for the targeted site and for remote interconnected sites, to determine the exact neural impact of the cTBS protocol. But our present evidence already provides the Wrst proof-of-principle that cTBS is feasible in awake behaving macaques and can produce speciWc impacts on performance.
One of the beneWts of introducing TMS in monkey studies, as here, is that this now allows future comparative interspecies TMS experiments. Several previous studies in humans only examined FEF TMS eVects for saccades, but typically using diVerent TMS protocols. For example, using single TMS pulses, it has been shown that voluntary saccades and anti-saccades can be disrupted (e.g. Muri et al. 1991; Olk et al. 2006; Ro et al. 1999 ; see Muri and NyVeler 2008 for review; see also Cazzoli et al. 2009 ). NyVeler et al. (2006a tested the eVect of cTBS at 30 Hz (so some what diVerent to here) over FEF on saccadic behavior in humans. In contrast with our results, they found increased saccade latencies after repetitive TMS at 30Hz. The apparent discrepancy between those results and ours might originate from the exact coil and protocol (e.g., here, we stimulated at 45 Hz for two trains of cTBS, using a small coil) and/or the diVerent task paradigm used (overlap paradigm and Xashed targets for 80-ms versus 0-ms gap paradigm and continuously presented target). Future extensions of the present work might compare human and monkey subjects directly (though the extent of training, TMS coil size and anatomical targeting would have to be considered carefully), while further work in macaques could combine TMS with invasive physiological measures.
Conclusion
Our study provides a new proof-of-principle that transcranial magnetic cTBS can be utilized in awake non-human primates, as for the saccade task used here, and can produce consistent and signiWcant behavioral eVects, as found here for saccade latency. This opens new opportunities for directly comparing the causal role of human and monkey brain regions in relation to speciWc behaviors, and for future work on the neural mechanisms of TMS/cTBS.
